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Inheritance of Carbohydrates and Fat in 
Crosses of Dent and Sweet Corn~ 
By E. W. LIX[)STIl011 AX[) FISK GEIUIARDT 
Dent and sweet varieties of corn (maize) are sharply differ-
entiated in the chemical constitution of their seed, especially in 
relative amonnts of sugars, dextrins, starches and fat. rrhis 
fact, together with our knowledge of the mechanism of heredity 
in this species, provides an excellent background for an exact. 
determination of the mode of inheritance of these chemical 
characters. Another advantage in the genetic analysis, lies in 
the precise, cellular mechanism of double fertilization in the 
embryo sac whereby the endosperm tissue is developed as the 
result of a triple fushion of nuclei, two from the female and one 
from the male parent. This nnclear behavior permits a detailed 
comparison of the influence of one, two or three doses of genetic 
factors for any endosperm characters, including the chemical 
characters involved in these investigations. A thoro genetic 
study of endosperm factors controlling aleurone and endosperm 
color has demonstrated beyond reasonable doubt that their in-
heritance is typically Mendelian in nature. It becomes of im-
mediate interest to determine whether chemical characters, from 
the quantitative standpoint, obey the same rules of inheritance 
as do the qualitative characters of the endosperm noted above. 
Moreover, the plant breeder who is hybridizing field and sweet 
corn 'with the usual objective of combining good yielding ability 
from the former and commercial quality of the ear from the 
latter, must know whether or not the amount of sugars or dex-
trins in the recovered sweet corn is seriously reduced by such 
out crossing. Altho the commercial quality of sweet corn is not 
entirely dependent on the amount of sugar in the ear, there must 
be a reasonable amount therein. If not, further crossing and 
selection for this quality are necessary in later generations. 
Possibly another object in these investigations is to furnish 
some assistance to the corn breeder of the future of whom it will 
be required to develop strains of corn specifically adapted to 
various uses in which the chemical nature of the seed is the im-
portant consideration. At present, ' the same general type of 
corn is being used for cornflakes and cornmeal, for hog and 
*A coopel'ative investigation betweeen the Genetics and Chemistry Sections of the 
Iowa Agricultural Experiment Station. 
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cattle fecding, and fol' the numerous corn products such as 
sugar, starch, alcohol, syrup and oil. 
Obviously, whcn thc agricultural industry becomes better 
stabilized, and 'when the increase in population makes itself felt , 
a demand will come for specialized types of corn best adapted for 
these specific purposes. Perhaps the best solution for such a 
demand requires that the plant breeder manipulate the various 
genetic factors controlling the chemical constituents of the COl'll 
grain so as to produce a type most economically adapted to these 
req uiremen ts. 
Still another object in these studies was the testing of any 
correlation between endosperm color (yellow or white) and the 
carbohydrate or fat content of the kerneL There were really 
1\\'0 objectives included here. One was to determine whether or 
not there existed any genetic linkage bctween the endosperm 
color factors and any of the factors controlling the quantitative 
distribution of the carbohydrates and fats . It is true that the 
Yy (yellow-white) and S1~ su (starchy-sugary) genes are borne 
on different pairs of chromosomes, and accordingly one would not 
expect genetic linkage bet'l' een these main factors under such 
circumstances. However, if the S1~ sn genes themselves were 
being modified by certain secondary (or modifying) genes, it 
" -ould be entirel~- possible for a partial linkage with endosperm 
color to exist. This could be tested by exact, quantitative de-
terminations of the carboh~rdrate content in crosses of yellow 
dent x white sweet, or ,vhite dent x yellow sweet corn. 
There is also the possibilit~- of a physiological (or chemical) 
correlation between yellow color and sugar content. One might 
easily suspect the yellow color of the highest quality sweet corns, 
like Golden Bantam, to be correlated with certain chemical con-
stituents of the grain, especially the carbohydrates or fat. This 
may not sound plausible, but it needs investigation, especially 
since in some early work by Pearl and Bartlett (1911)1 there 
,,-as a suggestion of an association of yellow color with a higher 
tota 1 sugar content, as well as an association of whitc color with 
a higher crudc fat content. Whether this situation is consistent, 
2nd whether the correlation is physiological or genetical in na-
t nre cannot be determined from their data sincc they report only 
one CTOSS, m2de in one direction. Critical data can only come 
from a comparison of two sets of crosses as follows: 
Yellow Dcnt x White Sweet 
White Dent x Yellow Sweet 
If yellow color ' and the higher sugar content are always as-
sociated in the progeny of both crosses, the interpretation is that 
there is some chemical relationship between the two. If the 
IPearJ, R. and J. M. Bartlett. The Mendelian inheritance of certain chemical char-
acters in maize. Zeitsch. indukt. Abstam. Vererb. 6 :1-28. 1911. 
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correlation is reversed in the second croBs, the explanation may 
naturally be genetical, a case of linkage between two genes borne 
on the same chromosome. Both sets of crosses noted above are in-
cluded in this report. 
It is well known that, in crosses of dent and sweet corn, the 
first hybrid generation grains appear starchy or non-wrinkled. 
Superficially there is the appearance of complete dominance of 
the dent or starchy type. The F 2 hybrid generation from these 
starchy seeds consists of both the dominant, starchy, and the re-
cessive, sugary (wrinkled), kernels in an approximate propor-
tion of 3 :1, respectively. The backcrosses of the F 1 plants on 
the sweet corn result in an equal proportion of the two types of 
kernels, whether the sweet corn is used as the male or female 
parent. There is apparently a single pair of genetic factors con-
trolling the chemical situation represented by the dent (smooth) 
and sweet (wrinkled) types of grains. This brings up the prob-
lem as to whether the entire relation of the sugars, dextrins and 
starches in the grains is held in the same balanced condition by 
this simple, genetic mechanism, even when upset by crossing. 
There is also the problem of the fat content which is apparently 
dependent somewhat more on the embryo or rather its relative 
size, than on the endosperm tissue itself. 
The analysis of the chemical constituents of the corn grain in 
crosses of dent and sweet corn must be considered from the stand-
point of the simple genetic mechanism involving a dominant S * 
(starchy) and a recessive s (sugary or wrinkled) factor. Under 
these circumstances there should be four different genetic com-
binations possible in the endosperm tissue of the corn grain, as 
follows: 
SSS-starchy factors from both parents 
SSs-two starchy factors from female and one sugary 
from male 
ssS-two sugary factors from female and one starchy 
from male 
sss-sugary factors from both parents 
In an F 2 generation of a dent by sweet corn cross, for example, 
the 75 percent of starchy kernels will be represented by three, 
different, endosperm genotypes (SSS, SSs, ssS) in equal propor-
tions, but they cannot be separated by inspection. However, the 
second and third genotypes (SSs and ssS) may be obtained 
separately by appropriate F 1 generations, by backcrosses or by 
the use of pollen mixtures. 
Because environmental agencies affect the amounts of the vari-
ous carbohydrates and the fat, it is extremely important to make 
"For simplicity the biliteral. genetic symbol Su will be discarded and replaced by 
the single letter S, representing the well known starchy gene, the allelomorph of 8. 
the common sugary gene. 
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comparisons between the various genotypes noted above, under 
similar conditions. The best means of doing this is to obtain, by 
appropriate methods of hybridization, any two genotypes to be 
compared on the same ear. Being scattered at random over the 
entire ear, it seems reasonable to suppose that, given a fair sam-
ple, the differences of environment are minimized as far as is 
possible under these circumstances. This has been the objective 
in the problems under investigation as far as possible. 
MATERIAL AND METHODS 
Oommercial varieties of dent and sweet corn, inbred for one 
year, served as the foundation stock of the crosses* listed 
below: 
Iodent (yellow dent ) x Evergreen (white sweet) 
Four Oounty (white dent ) x Golden Bantam( yellow 
sweet) 
Illinois High Fat (white dent ) x Golden Bantam (yellow 
sweet) 
These crosses were made reciprocally by careful hand-pollination 
methods. First and second hybrid generations and the back-
crosses to the sweet varieties were grown from hand-pollinated 
seed. In every case where samples were analyzed chemically, 
the parental, F l , F2 and backcross generations were grown dur-
ing the same season, so that the seed was of the same age, 
grown, harvested and dried under similar conditions. 
Various pollen mixtures were used to pollinate pure strains. 
Under these circumstances, two kinds of pollen, differing in en-
dosperm or aleurone color, were mixed in the tassel bags and 
applied to the pistillate parent, which was white in both endos-
perm and aleurone. 
Samples of grain for the chemical determinations were of 
two kinds. In some cases the entire kernel was used. In some 
comparisons, the embryo (germ ) was carefully dug out of the 
dry grain with a scalpel, and only the remaining endosperm 
(and pericarp) tissue used. The analyses from these two sorts 
of grains are discussed separately in this report. 
Mature, air-dried seeds from hand pollinated ears were always 
used. At least 100 seeds of air-dried material were taken for 
chemical analysis. Sometimes four different types of seed were 
taken from the same, hand-pollinated ear, each type being an-
alyzed separately. Under such circumstances, there was, of 
necessity, a representative sample taken of the entire ear. Where 
only a few hundred seeds were taken from a single ear, care was 
exercised in getting a random sample from all parts of the ear. 
·In writing a cross (not made reciprocally) the female parent is always g iven 
first. This custom has been used in presenting the data in the tables. 
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Except in a very few cases, each analysis in the tables comes from 
a single, hand pollinated ear. The exceptions include a small 
number of composite samples of ears with exactly the same pedi-
gree. For example, on backcrosses using inbred strains of 
Golden Bantam corn as the pistillate parent, the ears were or-
dinarily too small to provide more than 300 to 400 seeds. With 
such crosses, two sister plants similarly pollinated were com-
posited, and used for chemical analysis. 
METHOD OF OHEMICAL ANALYSIS 
The air-dry corn samples were ground in an "Enterprise" 
anC4 "Merker" mill, respectively, until the ground product 
could be passed thru a 100 mesh sieve. 
Moisture Detennination: 
A tared sample of the ground tissue was dried to constant 
weight in a Freis electric vacuum oven at 70°0., thus permitting 
a rapid desiccation without the usual losses due to carmelization 
at higher temperatures. 
Fat: 
The residue from the moisture determination was freed from 
lipoids and soluble pigments by percolation with anhydrous al-
cohol-free ether. 'rhe etheral extract was dried to constant 
weight in an electric oven at 100°0., and expressed as percen-
tage fat. 
Total Sugars and Dextrins: 
After expulsion of the ether the residue of the sample was 
extracted with 10 percent alcohol at room temperature for two 
hours. The filtered extract was concentrated for removal of 
alcohol and hydrolyzed with 2.5 percent HOI in the usual man-
ner. After neutralizing, the hydrolysate was made up to volume. 
Aliquots were clarified by use of neutral lead acetate and freed 
from excess lead by sodium carbonate. The sugars present in 
the clarified aliquots were determined by using the Defren-O' 
Sullivan2 method. The glucose value was obtained by multi-
plying with the equivalent value for dextrin. 
Starch: 
The residue from the sugar-dextrin extraction was boiled with 
150 cc. of water for one minute. This was done to gelatinize the 
starch. After cooling to 38°0., and digesting' with fresh saliva 
until a negative result was obtained with iodine, the filtered sol-
ution was hydrolyzed with 2% percent HCl for one and one-
half hours. The glucose was determined by the Defren-O'Sulli-
2Defren. G. The determination of reducing sugars in terms of cupric oxide. Jour. 
Amer. Chern. Soc. 18 :749-766. 1896. 
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van method, multiplied by the starch equivalent and expressed 
as percentage of glucose. 
Moisture and fat determinations have an accuracy of plus or 
minus 0.3 percent. Sugars, dextrins and starch can be duplicated 
to plus or minus 1.00 percent. 
In the presentation of the chemical data, especially in the 
tables, it will be noted that the term' carbohydrate index' is Wled. 
This term is merely one of convenience, and is used only to com-
bine the two groups of carbohydrates into one relationship since 
it is evident that they belong to the same, general chemical de-
velopment in the endosperm of the corn grain. The index repre-
sents the ratio of the total sugars plus dextTins to the starch per-
centages as follows: 
C b h d t . d percentage total sugars + dextrins ar 0 y ra e In ex= 
percentage starch 
The index is not expressed as a percentage itself, but could read-
ily be so transformed. The carbohydrate index may then be 
considered as a ratio of the water soluble to the water insoluble 
carbohydrates. 
The index probably should afford a safer criterion of the car-
bohydrate situation, than would the sugars or starches taken 
alone, especially in view of the relatively small number of sam-
ples involved in anyone test. Probable errors of the chemical 
determinations were not deemed worth while, primarily because 
of the small numbers concerned, but also to some extent because 
of the variability of material of this kind. Since the results are 
tested from several different angles, the possibility of indepen-
dent verification of any situation is of far greater importance and 
validity than the probable errors in themselves. 
TABLE I. CARBOHYDRATE PERCENTAGES OF PARENTS AND HYBRID 
GENERATIONS OF THE roDENT x EVERGREEN CROSS USING 
COMPLETE KERNEL FOR ANALYSIS. AIR DRY BASIS. 
I 
.: 
'0 '0 
" 
Backcross of Backcross of 
" ~f.iI ~ ... F2 generation Fl x Ever- Evergreen 
" 
~ ~~ 
'" >< green a xF1 0 
" 
::: ... f.iI 
'" 
> 0 f.iI ... 
I 
>. 
I /f I 
>. 
I 
>. 
I 
>. 
I I 
>. 
..c ..c ..c ~ ..c ;; ..c ~ <.> ;; ~ <.> 
" 
~ <.> " Kernel type ~ 
" E " " E " !l ~ .. ~ !l ~
" 
+' 
UJ UJ 1 UJ UJ UJ I UJ UJ UJ UJ UJ 
Endosperm I 
1 1 1 \ SSS I I I SSS I sss I SSs I ssS SSs sss SSs I sSs ssS 1 sss genotype 
1 1 I 1 ssS I I 1 
---
Total sugars I 5.0 i 44.1 I 5.8 I 7.7 I 6.2 1 42 . 7 I 8.3 1 + dextrins 5 .6 35 .2 I 37.5 Starch 58.3 18.1 54.2 153.9 56.5 24.0 \ 58.0 19 .4 52.2 19.9 
Carbohydrate I 
index 
\ 
.09 11 2.44 \ .11 I . 14 .10 1.47 \ .11 I 2.20 II .16 I 1.88 
No. samples I 3 I 2 I 2 I ,2 I 3 2 I 6 I 6 I 5 I I 
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TABLE II. CARBOHYDRATE PERCENTAGES OF PARENTS AND HYBRID 
GENERATIONS OF THE !ODE NT X EVERGREEN CROSS USING 
KERNELS WITH EMBRYO REMOVED. MOISTURE FREE BASIS. 
" 
'0 '0 ~ Backcross of Backcross of 
... 
" 
~ ..... ~'; F2 generation Fl. x Ever- Evergreen 
'" 
fr<~ 
" " 
green 0' x .v '" a 
'" '" '" '" ] >
'" 
Kernel type 111 ! 111 jill ! /1 I ! 11 I ! 
I 
Endosperm SSS I sss 
genotype 
1 1 sss I I 1 I 1 SSs 1 ssS 1 SSs sss SSs I SS8 ssS 1 SS8 
1 ssS 1 1 1 I I 
Total 8ugars I I + dextrins I 3.1 45.3 2.2 
Starch I 71.1 29.8 71.2 
Carbohydrate I I 
Index .04 1. 52 .03 
No. Samples \ 2 \ 2 I 2 
3.8 I 2.6 i 47 .4 11. 5 i 45.5 II 5.6 II 32.7 
66.7 76.3 26.5 80.6 33.3 1 70 . 2 I 38.7 
;"' \ ;" \ :" \ ;" \ ';'lJ _~: 
INHERITANCE OF' CARBOHYDRATES 
IN F l, F 2 AND BACKCROSS GENERATIONS 
Iodent X Ev e1'green C1'oss-In this cross of yellow dent by a 
white sweet variety, two lots of samples were investigated. In 
one, the entire kernel was used for analysis (Table I), whereas 
in the second, the embryo or germ was carefully dug out, and 
only the endosperm (plus pericarp) analyzed (Table II ). The 
data in table I are given on an air dry basis, and those of table 
II on a moisture-free basis. 
Considering table I, it may be noted that the Evergreen sweet 
variety possessed over eight times as much sugar and dextrin as 
the Iodent field corn. The latter in turn had over three times as 
much starch as the former. This relationship may also be inter-
preted in terms of the carbohydrate index, which in this case 
shows that the Evergreen parent had an index number 27 times as 
great as the dent parent. 
The first hybrid generation (F 1) grains naturally would resem-
ble the dent, parental type in their chemical makeup, since they 
exhibit a complete dominance of the visible kernel type which in 
this case is starchy (not sugary or wrinkled). Because Evergreen 
sweet corn is really a latent dent type as far as its kernel struc-
ture is concerned, the F 1 kernels t.hemselves were reasonably sim-
ilar to dent corn, altho they were somewhat smoother ( less dented) 
than the average corn belt dent varieties. 
Probably the first point of real interest in table I, is that there 
is an appreciable effect of one, .two or three doses of genetic fac-
tors for the carbohydrate content. In other words, there is not 
complete dominance of the starchy factor over the sugary de-
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spite the dominant appearance of the kernels to the eye. When 
the four possible endosperm genotypes are grouped with respect 
to their carbohydrate index, the following' values obtain: 
SSS-.09 
SSs-.l1, .11 
ssS-.14, .16 
sss-2.44, 1.47, 2.20, 1.88 
There is a small cumulative effect within the first three geno-
types, the ssS type having the greatest amount of sugars and dex-
trins. This certainly points to the fact that the genetic factors 
for such chemical characters act precisely as do other known 
genes in the Mendelian concept of heredity, even in the somewhat 
complicated process of triple fusion that results in the develop-
ment of the endosperm. 
It is interesting to note the sharp break in the carbohydrate 
index with the change in the physical texture of the kernel, the 
wrinkled grains having' an index about 20 times as great as the 
average of the starchy kernels. This of course is directly trace-
able to the distinct dominance of the starchy over the sugary 
type of kernels. 
Another noteworthy observation is that the extracted sweet 
kernels in the F 2 and backcross generations, possess a relatively 
high carbohydrate index, showing that they did not suffer any 
great deterioration in this respect by the introduction of such a 
low sugar content as was contributed by the dent parent. True, 
in none of these cases is the sugar (and dextrin ) content quite as 
high as in the original variety, but from a practical standpoint 
the differences are probably not important. In other words, any 
sweet corn developed from these kernels, would very likely pos-
sess enough of the sugars and dextrins to qualify as good sweet 
corn in this respect. 
TABLE III. CARBOHYDRATE PERCENTAGES OF PARENTS AND HYBRID 
GENERATIONS OF THE WHITE DENT X GOLDEN BANTAM CROSS 
USING COMPLETE KERNEL FOR ANALYSIS. MOISTURE-FREE BASIS . 
Kernel type 
Endosperm 
type 
Total sugars 
+ dextrins 
Starch 
Carbohydrate 
index 
No. samples 
I 
\ 
\ 
.... 
"0 "0 ~ ~ § ~ ~ ~ 
"' .... 
~C!J ""~ .& -" "'''' F:J generation o til ><:c C!J~ ~ ~ ~ ~ C!J 
Starchyl Sweet I Starchy I Sweet I Starchy I Sweet I 
I I I ! sss I I sss I sss I SSs I ssS SSs I sss I 
I I "sS I I 
" I 
5.0 37 . 8 I 6.6 5 . 0 7.6 43.1 68.0 22.7 63.2 70.0 66.6 22.6 
I 
.07 J.67 I .10 .07 .11 1. 91 1 2 1 2 2 
I 
Backcross of 
Fl x Golden 
Bantam <! 
Starchyl Sweet 
I 
SSs I sss 
7 . 5 37.2 
65.2 24.0 
.12 1.55 
2 2 
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TABLE IV. CARBOHYDRATE PERCENTAGES OF PARENTS AND HYBRID 
GENERATIONS OF THE GOLDEN BANTAM X ILLINOIS HIGH FAT 
(WHITE DENT) CROSS, USING COMPLETE KERNEL FOR ANALYSIS. 
MOISTURE-FREE BASIS. 
1\ White I I 
Gold-I '0 '0 Dent I en Pl r:. Backcross of 
I (Ill. I Ban- ,;;~ r,:;:t: F:J generation Bantam 0 G. Bantam High tam x F1xG. xF1 0 Fat) r:. Pl green I I :t: " 
.. Kernel Starchyl Sweet IStarchylStarchylStarchyl Sweet ISta.chyl Sweet I Starchy I Sweet 
sperm SSS I sss I SSs I ssS I SSs I sss I SSs I sss I ssS ! sss Endo- I I I I I sss I I I I I 
geno- I I I I ssS I I I I I 
type I I I I I I I I , 
Total I 
sugars ! 4.9 
+dex- I 
trins I 
Starch 55.5 
Car-
bohy- 'I .OS 
drate 
index 
No. 
Eam .. 
pies 
I 
I 
I 
\ 2 
I 
I :::: 
.9S 
\ 1 
5.7 .. . 5.1 
60.1 ... 5S.S 
I 
.09 ... 
I 
.09 
\ 2 
I 
\ ... \ 2 
1 29 . 2 
125 . 7 
I 
1.14 
\ 2 
5.3 
59.S 
I 1 
I 
.09 
I 
27.1 I 4.7 
32.S f 61.0 
.S3 I .OS 
I 1 
I 
I 
I I 1 
I 
! 
29.6 
2S.3 
1.05 
I 
\ I 1 
I 
In table II, material similar to the preceding is presented, save 
that only the endosperm (and pericarp) tissue was analyzed. 
'l'he same g'eneral situation exists with the exception that the 
cumulative effect of the carbohydrate genes is not so uniform. 
This is due largely to the high value of the pure dent variety, and, 
this value being based only on two samples, is not to be considered 
as of too much importance. The general tendencies of the other 
genotypes far outweigh this exception. The value of the data 
in table II is that they demonstrate in general the same sort of 
inheritance when the embryo is removed. In other words, the 
cumulative effect of the carbohydrate genes cannot be due to the 
relative size of the embryo (germ) in the grain, but to the actual 
influence of the genes on the endosperm tissue itself. 
The foregoing r!)sults are verified in tables III and IV which 
arise from analyses of crosses of White Dent and Yellow Sweet 
varieties. Table III shows the carbohydrate relations in the 
parents, F 1> F 2 and backcross generations of a cross of Golden 
Bantam by a White Dent (Four County White Dent). There is 
some indication of a cumulative effect of the various endosperm 
factors, altho there is nevertheless some inconsistency. In general 
the results are not much different from the preceding crosses. 
The same is true of the Golden Bantam by White Dent (Illi-
nois High Fat ) cross. H ere again there is not perfect consis-
tency in the contribution of the carbohydrate endosperm factors, 
but in general there is some such cumulative effect as was noted 
in the Evergreen and Yellow Dent cross. The extracted sweet 
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TABLE V. DATA ON POLLEN MIXTURES OF VARIOUS SORTS APPLIED ON 
WHITE DENT PISTILLATE PLANTS 
[ [ [ Total , [ 
Female parent Pollen. [ Kernel [li:ndosperm I sugars , Starch [ Fat 
mixture [ type , genotype + dex- I 0/0 I 0/0 I [ trins 0/0 
White Dent Golden 
IYellOW I 
I 
I I Bantam SSs 5.3 61.3 8.4 (Ill. H. Fat) White I I Dent (HF) I White I SSS 5.0 60.5 I 9.6 [ 
Same as above 
[ [ , I [ [Yellow [ SSs [ 4.2 75.6 I 0.9 with embryo " [ [ , removed ,White , SSS I 4 . 7 r 71 . 8 1.6 [ [ [ r 
White Dent Black I [ [ [ I Mexican [Purple [ SSs I 5.7 I 
61.1 7.6 
(Ill. H. Fat) White [ [ [ 
Dent (HF) I White [ SSS I 4.8 50.5 I 6.4 [ [ 
Same as above 
[ [ [ 
\ 
[ 
I Purple , SSs 
I 
3.8 74.6 I 1.2 with embryo " [ [ 
I removed I White , sss 4.5 71.4 I 4.0 I I 
White Dent Black I Purple \ I 
I 
I Mexican SSs 6.5 61.3 6.5 
Yellow I , [ 
I Dent I Yellow I SSS [ 6.6 57.8 6.1 [ 
Duplicated I Purple I [ [ [ SSs I 6.9 [ 61.5 [ 6.2 [ 
I I Yellow SSS I 6.5 [ 64.8 5.6 I [ [ 
White Dent Golden I Yellow [I 
I 
I Bantam SSs 8.2 61.2 6.5 
Ever- I green [White [ SSs 8.1 I 58.1 6.7 r [ [ 
corn in both F 2 and backcross generations carries a reasonably 
high percentage of sugar and dextrin. 
POLLEN MIXTURES 
One of the most direct means of determining the relative con-
tributions of the various carbohydrate factors to the endosperm 
complex under ideal conditions of a uniform environment, is that 
of using pollen mixtures. In such an experiment, two sorts of 
pollen grains, differing in their genetic behavior with respect to 
dominant aleurone or endosperm color factors as well as in their 
carbohydrate factors, are mixed in the tassel bag and applied 
simultaneously to the pistillate parent which bears recessive al-
eurone or endosperm color factors. For example, Black Mexican 
sweet corn pollen bearing the dominant, purple aleurone factors 
as well as the high-sugar factors may be mixed with any dent 
pollen carrying recessive aleurone and low-sugar factors. By 
using a white-dent pistillate parent, the pollen mixture, if success-
ful, will result at harvest time in a scattering of purple grains 
over the hand-pollinated ear, which grains are carrying the SSs 
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combination of carbohydrate factors, whereas the colorless al-
eurone grains are all SSS in makeup. Thus the two endosperm 
genotypes have as nearly identical environmental conditions as is 
possible to obtain. 
'fhe results of such pollen mixture studies are arranged in table 
V. Perhaps the most conspicuous results in this table are the 
conflicting data under what are considered to be ideal, environ-
mental conditions. Analyses were made of four pollen mixtures, 
in two of which the germ or embryo was dug out, and the material 
analyzed in comparison with that using the entire kernel. 
The general results in table V are disappointing in the matter 
of demonstrating any real difference in carbohydrate (or fat) 
content of the two genotypes under question. Differences do 
exist but in no case are they consistent or explainable. For ex-
ample, where the sugars and dextrin percentage is high, one 
would expect a relative decrease in the starch content. Such is 
not the case. In the Black Mexican-White Dent pollen mixture, 
there is, for example, a difference of 0.9 percent in the sugar con-
tent in favor of the SSs genotype. This might be expected, but 
the relatively high starch content (10 percent higher) of this 
same genotype vitiates any plausible explanation. Apparently 
the variability of the material is sufficient to obscure any slight 
differences that might exist. 
Another method of comparing two endosperm genotypes borne 
on the same ear was devised and tested in a preliminary manner. 
This method arose from the differences in color of the yellow en-
dosperm of reciprocal crosses of sweet and field corn, differing in 
endosperm color. For example, the F 1 grains of a white dent 
pollinated by a yellow sweet corn were observed to be a trifle 
darker in color at the sides of the grains than the F 1 grains of 
a white sweet corn pollinated by a yellow dent corn. This pre-
sumably was due to the difference in physical texture of the two 
types of F 1 grains, one arising maternally from a dent corn, the 
other from a sweet corn. 
Advantage of this fact was taken in the following manner. 
TABLE VI. ANALYSES OF THE TWO KERNEL TYPES (SSS and ssS) 
ON THE SAME EAR. MOISTURE-FREE BASIS. 
BORNE 
II 
I Sugars I , , 
Endosperm I + I Starch I Carbohy- Fat Color genotype dextrins I 0/0 drate 0/0 0/0 I index 
Entire kernel I I Dark yellow SSS 6.0 I 63.9 0.09 3.6 Pale yellow ssS 6.4 60.7 0.11 4 . 2 
I I 
~mbryo removed I Dark yellow SSS 4.8 69.4 0.07 0.7 
Pale yellow ssS 5.1 71.0 I. 0.07 0.9 
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The F 1 plants of a white dent (Illinois High Fat) by Evergreen 
(white sweet corn) were pollinated by a pure yellow, inbred 
line of field corn. The mature ears of this cross showed a fairly 
clear segregation into two shades of yellow kernels. Presumably 
the dark yellow grains were of the SSS genotype whereas the 
pale yellow kernels were ssS. The darkest yellow were separated 
from the lightest yellow grains (intermediate shades being dis-
carded) and chemical analyses were made of such grains borne 
on the same ear. In one lot the embryo was dug out, in the other 
the entire kernel was analyzed. 
The results of these analyses are presented in table VI. Here 
there is some evidence of a slight difference in the two types of 
starchy grains, whereby the ssS genotype is higher in sugar con-
tent than the SSS genotype. 
INHERITANCE OF FAT CONTENT 
Inasmuch as sweet and dent varieties of corn differ widely in 
the percentage of fat or oil content in the seed, it becomes de-
cidedly interesting to determine how such a character behaves 
in inheritance. It is commonly believed that the major source 
of oil in the corn kernel is the embryo or germ, and that varieties 
with a high percentage of oil are those having an embryo larger 
in proportion to the entire kernel. Sweet corn varieties in-
variably have higher percentages of oil than field corn, and this 
is thought to be due in large measure to the smaller propor-
tion of true endosperm in their wrinkled kernels. Sweet corn 
grains are notoriously light in weight, and presumably this fact 
argues for their relatively high oil content. Critical informa-
tion on this relation may be had from the experiments to be dis-
cussed, especially since analyses have been made on both the en-
tire kernel and the germ-less kernel. Such analyses appear in 
table VII. They arise from the same individual classes of ker-
nels reported in the precedingo tables, and the number of obser-
vations for each analysis may be obtained by reference to the first 
four tables. 
Considering first the data on the Evergreen x Iodent cross, it 
may be noted that of the original or parental types, the Ever-
green s'weet corn had nearly twice as much fat as the dent corn 
(Iodent) when the entire kernel was used for analysis. When 
only the endosperm was used, this same sweet corn had nearly 
three times as much fat. This, of course, indicates that, in dent 
corn, most but not all of the fat resides in the embryo, whereas 
in the sweet corn a much larger proportion actually exists in the 
endosperm itself: This relation is consistently shown in the 
various hybrid generations of this cross also (table VII ) . Calcu-
lations show that approximately 74 percent of the total fat con-
tent in dent corn resides in the embryo, the remainder presum-
TABLE VII. FAT PERCENTAGES OF PARENTS, F
" 
F2 AND BACKCROSS GENERATIONS OF VARIOUS CROSSES. 
parent I parent rJ I x X F2 generation I 
Backcross 
F, x Sweet rJ 
Backcross 
Sweet x F , rJ I Starchy I Sweet I St?r~hY I S!~t I I I I Sweet rJ I Starchy rJ I I T:K"'ec::r=n-=-el..-;-typ=e:----------7I-S"'ta:--'r-c~h-y-I Sweet I Starchy I Starchy I Starchy I Sw-e-et:--,'ol-;;S"'ta-r-c-;-h-y--'-S"'w-eet Starchy I Sweet 
I '-- --1 I I-SSS I I I 
I sss I sss I SSs I ssS, I SSs 'sss SSs sss ssS I 
-----------TI----:'~--- , I ssS I I 
[odent x Evergreen I I / I I /' 
Whole kernel- Air dry basis I 3.5 I 6.2 4.8 4.6 I 4.7 I 6.5 4 .8 7.3 5.1 6.9 
Endosperm only- Moisture-free I I I I I I 
basis I 0.9 I 2.5 1.4 1.1 I 0.8 2.0 I 1.3 2.5 1.5 \ 
Endosperm genotype sss 
2.8 
White Dent x Golden Bantam 
Whole kernel- Moisture-free 
basis 4.2 7.8 5.2 5.1 5.4 7.0 6 . 3 9.9 
White Dent (Ill. High Fat) x 
Golden Bantam 
Whol .. kernel- Moisture-free 
basis 8.0 6.8 8.4 6.0 7.7 6.4 8 . 8 5.8 6.5 
t-.:l 
-'l 
...... 
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ably being' in the endosperm tissue, particularly in the aleurone 
layer of cells. Hopkins, Smith and East (1903)3 state that their 
analyses show from 80 to 84 percent of the oil as being in the 
germ. However, they were dealing with different varieties and 
also, their method of separation of germ and endosperm was 
different than that followed in these investigations. They soaked 
their seeds in hot water from 15 to 20 minutes, whereas in these 
studies, the germ was cut out in the dried condition. 
In the sweet corn kernels, the data of table VII show conclu-
sively and consistently that more of the fat was contained in the 
endosperm tissue. In these kernels approximately 64 percent of 
the fat was in the germ, leaving 36 percent for the endosperm 
(and peri carp ) tissue. The actual reason for this marked differ-
ence is not known. It may be that the endosperm tissue surround-
ing the germ in sweet corn, because of its different carbohydrate 
character, (higher sugar and dextrin percentage) is able to ab-
sorb a greater amount of fat from the nearby germinal tissue 
than is the case in dent corn. 
The F 1 kernels of the Iodent x Evergreen cross show distinctly 
an intermediate condition with a slight dominance of the lower 
fat percentage, which is consistently true whether the entire ker-
nel or only the endosperm tissue is considered. Pearl and Bart-
lett (1911) found the same general situation in their crossbred 
or F 1 kernels, using only the entire kernel for analysis. This is 
also verified in the white Dent x Golden Bantam cross in table 
VII. 
The segregation of high and low fat values in the F 2 and back-
cross generations is very evident in table VII. The extracted 
sweet corn in all cases is practically as high or higher in fat than 
in the original variety. This is true both in the entire kernel and 
in the germless grains. Presumably there is a direct association of 
fat values with the carbohydrate situation. There is, however, no 
apparent cumulative effect in fat values which might be expec-
ted if this association were complete. This may be noted in the 
reciprocal series of F 1 analyses. In no case does the ssS genotype 
(F l ) possess a higher fat value than the other F l , SSs genotype. 
In fact the latter has a trifle higher value. This indicates that 
the oil content is independent of the carbohydrate situation to 
some extent at least. In this connection the fat values in table 
VI are highly interesting where two different endosperm geno-
types, born on the same ear, are available for comparison. Here 
there is evidence ' that the ssS genotype possesses a higher fat 
value than the SSS genotype altho both are starchy kernels .. 
The third cross listed in table VII is of some interest because 
in this case the dent, parental variety (Illinois High Oil) con-
3Hopkins, C. G., Smith, L. H., and East, E. M. The chemical composition of dif-
ferent parts of the corn kernel. Jour. Arner. Chern. Soc. 25 :1166-1179. 1903. 
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tributed the higher percentage of fat. Only one F1 analysis is 
available and that is insufficient for any comparison. The inter-
esting thing, however, is the increased fat content of the extract-
ed F 2 sweet kernels in this cross. The same is true in one of the 
backcross generations. Whether this increase is statistically sig-
nificant is impossible of determination with the few observations 
at hand. It is evident, hO'wever, that the fat content of sweet 
corn is not seriously decreased by outcrosses of dent corn, even 
when these dent corns carry a relatively low percentage of fat. 
RELATION OF ENDOSPERM COLOR 1'0 CARBOHY-
DRATE OR FAT CONTENT 
In all of the crosses reported in these investigations, the parep.-
tal varieties of dent or sweet corn, carried different endosperm 
colors, one or the other being yellow. Because of this relation it 
is possible to determine any association of endosperm color with 
high or low sugar, starch or fat content, whether this associa-
tion be due to genetic linkage or to chemical or physiological 
correlation. Pearl and Bartlett's (1911)1 data suggested a slight 
correlation between these characters. In their F 2 generation 
from a Yellow dent x White sweet corn cross, there seemed to be 
a higher sugar content in the yellow F 2 seeds than in the white. 
Conversely the white seeds showed a higher fat value. The starch 
values for the two sorts of F ? seeds were almost identical. 
In the Iodent x Evergreen cross, which is analogons to the 
cross reported by Pearl and Bartlett, critical backcross data are 
presented in table VIII. In two, reciprocal backcrosses in which 
the F 1 plants were crossed with the Evergreen Sweet parent, no 
consistent correlation exists between yellow and white endos-
perm color and either sngar (including dextrins) or starch con-
TABLE VIII. RELATION OF ENDOSPERM COLOR TO CARBOHYDRATE AND 
FAT VALUES IN RECIPROCAL BACKCROSSES OF THE IODENT X 
EVERGREEN CROSS. PERCENTAGE DETERMINATIONS ON AIR·DRY 
BASIS. ENTIRE KERNEL ANALYZED. 
Yellow White Yellow White 
starchy starchy sugary sugary 
YS yS Ys ys 
Fl (I x E) x E 0' 
Total sugars + dextl'ins \ 5.8 6.6 44.3 43.3 
Starch I 60.3 54.4 16.9 17.9 
Carbohydrate index I .10 .12 2.62 2.42 
Fat I 4.5 4.8 7.0 7.8 
No. samples I 2 2 2 2 
Ex Fl (I x E) 0' 
Total sugars + dextrins 9.4 9.6 36 .1 36.3 
Starch 48.6 53.3 19.0 19.6 
Carbohydrate index .19 .1 8 1.90 1.85 
Fat 5.2' 5 . 2 6.8 7.6 
No. samples 2 2 2 2 
l Loc. cit. 
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TABLE IX. RELATION OF ENDOSPERM COLOR TO CARBOEYDRATE AND 
FAT VALUES IN F, AND BACKCROSS GENERATIONS OF THE WHITE 
DENT X GOLDEN BANTAM CROSS. PERCENTAGE DETERMINATIONS 
ON MOISTURE-FREE BASIS. ENTIRE KERNEL ANALYZED. 
YS yS Ys ys 
F~ generation 
Total sugars + dextrins 7.4 7.8 41.2 44 . 9 
Starch 68.3 64.8 22.8 22.4 
Carbohydrate index .11 .12 1. 81 2.00 
Fat 5.6 5.1 7 . 2 6.9 
No. samples 1 1 1 1 
F, x Golden Bantam cJ 
Total sugars + dextrins 7 . 3 7.7 34.1 40.3 
Starch 64.9 65 . 4 24.7 23.2' 
Carbohydrate index .11 .12 1.38 1. 74 
Fat 6.4 6.3 9.9 9.9 
No. samples 1 1 1 1 
tent. ]n other words the two sorts of hybrid seeds, classified on 
yellow or white endosperm color, show approximately the same 
average percentages of sugars and starches. This would indicate 
that endosperm color and carbohydrate factors are inherited in-
dependently of one another. This, of course, checks the general 
situation that the Y y and Ss genes are borne on different pairs 
of chromosomes, but it also shows that any secondary or modifying' 
factors for carbohydrate development, if present, are indepen-
dent of these endosperm color genes. 
With respect to fat content, however, there is a consistent, tho 
small, correlation 'with endosperm color, in that the white seeds 
possess a slightly higher fat value. This is what Pearl and Bart-
lett noted. Inasmuch as the white endosperm was contributed 
by the same parental type that brought in the higher fat value, 
this association of the two may be traced to a genetic linkage. To 
be more certain of this, it is of course essential to analyze a case 
in which the yellow parental variety contributed the higher fat 
value. If then, the hybrid seeds of this cross show a correlation 
in the reverse direction of the preceding cross, the case may truly 
be one of genetic linkage. Such a cross is arranged in table IX. 
In this table, are given the F2 and one backcross generation of 
the Golden Bantam (high fat) and White Dent (low fat) cross. 
In both of these hybrid generations it is evident that the yellow 
seeds, both starchy and sweet, have a slightly higher fat per-
centage, altho in no case is it statistically significant. The only 
noteworthy feature is the consistency of the results in this re-
spect. If a genetic linkage exists between endosperm color and 
fat content it is so loose as to have very little practical use. 
It is interesting to note in this cross evidence of an association 
of endosperm color and sugar content, the white seeds again hav-
ing the higher sugar values, altho the white parent of the cross 
actually contributed the lower sugar content. Thus any genetic 
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linkage is readily disposed of. Any correlation that exists must 
presumably be physiological (or chemical). However this rela-
tion also is too small to cause much comment. 
Data on the third cross (Golden Bantam x High Fat White Dent ) 
on endosperm color as related to carbohydrate and fat values are 
presented in table X. Here the F z data as well as reciprocal 
backcrosses on the Golden Bantam parent are reported. In the 
latter, it was too difficult to separate the dark and pale yellow 
colors among the sweet corll kernels, and according-ly these were 
grouped together for chemical analyses. 
In this cross there is further evidence that the higher sugar 
content follows the white endosperm color, altho the differences 
are too small to be more than indicative. There is no consistency 
in the fat values as to their relation to endosperm color. The 
fact that the dent parent contributed the higher fat value and 
that all the sweet corn segregates were in turn higher in fat than 
the dent segregates might conspire to hide any relationship here. 
The F] plants of the same cross (listed in table X) were also 
backcrossed to the White Evergreen variety to determine any en-
dosperm color relations. Such data are arranged in table XI. 
Again no relation exists between carbohydrates and endosperm 
rolor. Also the fat values show no consistent association. 
SUMMARY 
The hereditary behavior of the genes controlling carbohydrate 
and fat development in the seed of maize was found to be sur-
prisingly stable even when measured from the quantitati.ve, 
TABLE X. RELATION OF ENDOSPERM COLOR TO CARBOHYDRATE AND 
FAT VALUES IN F" AND BACKCROSS GENERATIONS OF THE GOLDEN 
BANTAM X HIGH FAT (WHITE DENT) CROSS. PERCENTAGE DETER-
MINATIONS ON MOISTURE-FREE BASIS. ENTIRE KERNEL ANALYZED. 
YS yS Ys ys 
F:J generation 
Total sugars + dextrins 5.0 5.1 27.7 30.6 
Starch 56 .8 60.8 3(}.9 20.4 
Carbohydrate index .09 .08 .80 1.5 
Fat 5.5 6.5 7.5 7.9 
No. samples 1 1 1 1 
Fl x Golden Bantam e 
Total sugars + dextrins 5.0 5.6 27.1 
Starch 59 .8 59.9 32.8 
Carbohydrate index .08 .09 .83 
Fat G.8 6.1 8.8 
No. samples 1 1 2 
Golden Bantam x Fl e 
Total sugars + dextrins 
I 
5 .0 4.5 29 .6 
Starch 59.7 62.4 28.3 
Carbohydrate index .08 .07 1.05 
Fat 5.5 6.0 6.5 
No. samples 1 1 2 
. ___ -.1. _______ 1___ 
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TABLE XI. RELATION OF ENDOSPERM COLOR TO CARBOHYDRATE AND 
FAT VALUES IN THE BACKCROSS GENERATION-EVERGREEN X F, 
(GOLDEN BANTAM X HIGH FAT DENT). ENTIRE KERNEL ANALYZED. 
MOISTURE-FREE BASIS. 
I YS yS Ys ys 
Total sugars + dextrins % II 6.3 5.4 33.8 33.7 
Starch % 59.3 60.9 31.4 31.4 
Carbohydrate index .11 .09 1.08 1.07 
Fat % 5.6 5.6 8.0 7.1 
No. samples 1 1 1 1 
chemical standpoint. The interlocking' relations of sugars, dex-
trins and starches in the endosperm tissue were not particularly 
disturbed when sweet corn and field corn, differing widely in 
these constituents, were crossed and the hybrid generations from 
them studied. In other words, the simple, Mendelian pair of 
genes, controlling the well-known monohybrid situation, seen in 
the clean cut segregation of starchy and sugary (wrinkled) 
grains, exercised a surprising degree of control in the general de-
velopment of the carbohydrates, so that these various chemical 
cQnstituents maintained a constant relationship even when up-
set by radical hybridization. Closely associated with this regu-
larity in the carbohydrate situation, was the equally stable rela-
tion of the fat or oil percentages. 
In these crosses of dent and sweet corn varieties, it was plain-
ly evident that even the intricate mechanics of the triple fusion 
of endosperm nuclei with their single, double or triple doses of 
genetic factors was reflected in the quantitative differences of 
carbohydrates in the mature endosperm. In other words, it was 
possible to demonstrate that the genotypes SSS, SSs, ssS and sss, 
anyone of which may represent the various combinations of 
genetic factors for endosperm development, were quantitatively 
different in their percentages of sugars, dextrins, and starches. 
This, of course, argues strongly for the fact that the entire carbo-
hydrate complex in corn endosperm tissue, is held in control by 
ordinary hereditary factors, whose inheritance and development 
are exactly similar to the 'well known color genes in the corn 
grain. This was verified by the genetic behavior in F 2 and back-
cross generations of these carbohydrate genes. 
In these hybrid generations, the extracted sweet corn grains 
reappeared with their balanced quota of sugars, dextrins and 
starches. This could only happen if they were controlled by a 
stable, genetic mechanism. Thus one is able to predict that 
sweet corn may be outcrossed with dent corn, and the former 
type recovered in later generations without serious deteriora-
tion in sugar content. 
Pollen mixtures devised to differentiate quantitatively the car-
bohydrate differences between the SSS and the SSs genotypes 
borne on the same ear were not successful in demonstrating a 
consistent difference. 
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~o consistent correlation or linkage could be demonstrated be-
hl'een yellow and white endosperm color and sugar or starch 
values. Crosses were devised especially for testing such a rela-
tionship. 
Some evidence was found of a very slight linkage between en-
dosperm color and fat percentage. In the yellow dent (low fat ) 
by white sweet (high fat) cross the white, F 2 and backcross ker-
nels possessed the higher fat value; whereas in the yellow sweet 
(high fat ) by white dent (low fat ) cross, the yeUow F2 and back-
cross grains had the higher average fat percentage. This points 
to a genetic linkage between two sets of factors but since the dif-
ferences are relatively small, there is no object in stressing this 
relation from the practical standpoint. It may have some theo-
retical interest. 
The inheritance of fat or oil content proved to be closely as-
sociated with the carbohydrate situation. High fat values were 
ahyays tied up with high sugar percentage and vice verRa. By 
using for chemical analyses, kernels with the embryo or germ 
removed as compared with the entire kernel, it was possible to 
demonstrate that the embryo is by no means the only source of 
fat. In dent corn, a limited number of samples showed that 74 
percent of th e fat was in the embryo, whereas in sweet corn 64 
percent was located there, the remainder apparently being in the 
endosperm. 
There was no evidence of a cumulative effect of any fat values, 
dependent on the endosperm factors in the triple fusion of nuclei. 
The F] kernels of crosses of high by low fat varieties showed an 
intE'I'mecliate condition, with a distinct tendenc~- for the partial 
dominance of low fat percentage. Reciprocal F, seeds exhibited 
110 s11('h differences as were found with carbohvdrate values. In-
asmllch as the major source of fat resides in' the embryo itself , 
which is not subject to the same hereditary mechanism as is thE' 
endosperm tissue whereby the female parent contributes twice 
as much as the male, it is scarcely to be expected that recipro(,'ll 
erosses would show different fat values. 
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